Using a participatory approach, we aimed to identify medicinal conservation priority plant species in a region where a sustainable conservation area is being proposed. Local farmers consensually selected 10 ethno-species represented by 11 scientific species (Calea uniflora Less., Equisetum giganteum L., Aristolochia triangularis Cham., Zollernia ilicifolia (Brongn.) Vogel, Maytenus ilicifolia Mart. ex Reissek, Stachytarpheta cayennensis (Rich.) Vahl, Mikania laevigata Sch.Bip. ex Baker, Achyrocline satureioides (Lam.) DC., Lepidium didymum L., Dioscorea altissima Lam., and Picrasma crenata Engl. in Engl. & Prantl), which were the focus of two participatory tools: four-cell analysis and matrix of plants and environments. Most plants were classified as having high environmental availability and as being under intense extraction pressure. Both natural areas (restinga and hillside forest) and cultivated areas (croplands and homegardens) are important for the acquisition of native medicinal plants. This participatory process tends to facilitate the incorporation of research results by the community, according to its local demands, as well as allowing for a collective learning experience. The use of a participatory approach also allowed the gradual increase in the awareness of the community related to their medicinal plants, contributing to their own decisions about the management and conservation of these resources.
tially employed mainly by NGOs and government agencies, have been also expanded to the sphere of conservation and biodiversity resources research (Chambers 1994) . These approaches can be seen as research and development tools, with the aim of incorporating local knowledge and perspectives into resource management, as well as empowering people for greater autonomy in the use and conservation of their own natural resources (De Boef & Thijssen 2007) . Empowerment can be defined as a process that assists individuals or groups of people to acquire control over their own lives, enhancing their capacity to deal with significant subjects, according to their understandings (Eyben et al. 2008) .
Participatory methodologies have also been incorporated into ethnobotanical studies (Alexiades 2003 , Sieber et al. 2014 . Ethnobotany is a transdisciplinary field, which aims to document, describe, and explain complex relations between people and plants (Alcorn 1995) , and which has collaborated to a more integrative perspective
Introduction
Incorporation of traditional knowledge and involvement of local communities on in-situ biodiversity conservation strategies have been advancing significantly. Local development and research participatory methodologies are fundamental in this process (De Boef & Thijssen 2007 , Gaventa & Cornwall 2006 . Participatory approaches, iniPublished: 08 December 2015 for conservation in the last decades, promoting the use of local knowledge in conservation actions (Albuquerque 2010 , Hanazaki et al. 2010 . Much of local participation in ethnobotanical studies is still dedicated to data collection and validation, rarely focusing on concerns with local demands such as empowering communities for resource management . In order to collaborate with the process of community empowerment, it is necessary that the researcher begin to act more as a facilitator in participatory learning systems, letting go of the control in research development and allowing for the participation, action, and reflection from the communities studied (Geilfus 2008) .
Among biodiversity recognized and managed by local populations, medicinal plants are highlighted for their species richness (Begossi et al. 2002 , Chowdhury & Koike 2010 , Fonseca-Kruel & Peixoto 2004 ) and for their importance in the maintenance of community health. Considering the value of these species as a therapeutic resource and a source of economic revenue, it is important to carry out investigations on local actions and reflections, aiming to conciliate the use and conservation of species to social development and well-being.
Protected areas (PA) of sustainable use allow for the conciliation of biodiversity conservation and the use of part of their resources. In this way, they become interesting places for the development of ethnobotanical studies employing participatory approaches. The Sustainable Development Reserve (SDR) of Areais da Ribanceira is a PA of sustainable use which has been proposed by the initiative of a local community of farmers and fishermen. This SDR aims to guarantee the territories of this traditional population and the use and conservation of important resources for their livelihoods, such as medicinal plants. The objective of this article is to bring reflection on the role of participatory approaches in ethnobotanical research aimed at in-situ conservation and local development, using the identification of conservation priority native medicinal plants in the SDR region (SDR Areais da Ribanceira proposed area) as an example, as well as identifying the main threats and opportunities to the conservation of such species.
Study area
The Areais da Ribanceira (28°12"12'S, 48°40"40'W) region is located in the Municipality of Imbituba, on the central-south coast of Santa Catarina State, Brazil, about 90 km south of its capital Florianópolis. The study area sits within the Atlantic Forest (Mata Atlântica) Biome (IBGE 2004) and is formed by crystalline base hills reaching up to 150 m altitude, sand dunes, sandy cords, associated depressions, marshlands, and lagoons. Vegetation is represented by the sub-montane dense rainforest (hillside forests) and edaphic formations of first occupation (restingas) (IBGE 2012) . Plant communities are diversified within restingas, exhibiting tree, shrub, and herbaceous associations over sandy soils, and aquatic vegetation on the margins of lagoons/lakes and marshlands. Moreover, a savannah-like formation occurs on dunes and sandy cords, locally known as butiazal, in which the small palm Butia catarinensis Noblick & Lorenzi (beachbutiá) dominates in high-density, associated with shrub and herbaceous communities, with occurrence restricted to the northern coast of Rio Grande do Sul and southern coast of Santa Catarina.
Historically, about 40 farmers' families have been managing the area where the SDR has been proposed. The area has been used traditionally by farmers and fishermen as cultivation sites, mainly for manioc (Manihot esculenta Crantz) under a shifting agriculture system. In the 1970s, part of these lands was expropriated in order to build an industrial plant, which was active from 1979 to 1992. Although expropriated, land use did not change: families would still cultivate. However, in the year 2000, the area went to private ownership, which intensified conflicts of the maintenance of traditional practices in this area. In 2002, local farmers created the Imbituba Rural Community Association (ACORDI -acronym in Portuguese), with the main objective of regulating the use on their lands, granted proper acknowledgment as a traditional population. Since 2005, the community has been pressing for their territory ownership through the proposal of the Sustainable Development Reserve Areais da Ribanceira (Zank et al. 2013) , with an approximate area of 2100 hectares. From 2008 on, due to an ACORDI demand, research and extension projects have been developed in partnerships with the local community, aiming for the identification and register of traditional practices regarding land and resource use .
Methods

Data collection and analyses
The research project was presented to the members of ACORDI, requesting their authorization for data collecting, which included individual interviews and participatory workshops. The leadership of the ACORDI signed an informed consent document, and the participation of each person was dependent on the acceptance of an individual term of prior informed consent.
This study included a survey about medicinal species known in the region using semi-structured interviews and free listings with 23 key informants (9 men and 14 women ranging from 40 to 86 years old), detailed in . Nine informants are member of ACOR-DI, and the others are recognized as medicinal plant specialists for the community of Areais da Ribanceira. Samples of the plants mentioned by the participants were collected following the standards for ethnobotany (Cunningham 2001) and identified using relevant resources (Loren-
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zi & Matos 2008) and consultations with experts in botany. Voucher specimens were deposited at FLOR herbarium (Federal University of Santa Catarina, Brazil) or were registered in the collection of the Laboratory of Human Ecology and Ethnobotany (Federal University of Santa Catarina).
We considered the plants cited as spontaneous for at least one informant of this preliminary survey. For a spontaneous plant, we collected information about its origin (native or exotic to Brazil) and occurrence in different ecosystems of the restinga (Falkenberg 1999) and Atlantic Dense Rainforest (Flora do Brasil 2013, Lorenzi & Matos 2008 , Sehnem 1984 , as well as whether these species occur in areas degraded by human actions (ruderal species) (Flora do Brasil 2013, Lorenzi & Matos 2008) . From the native medicinal plant listings, citation frequency and cultural saliency were calculated for each species according to the combination of citation frequency of the species and its citation order (Robbins & Nolan 1997) .
We carried out a participatory workshop with the Areais da Ribanceira community, for which all members of ACORDI were invited. Fifteen farmers (12 men and 3 women) were present in the workshop; eight of them were previously interviewed informants. We presented a list of species with citations superior to 20% and requested that farmers would select the 10 most important plants by consensus, in order to discuss their availability and environments where they could be found. Then, two participatory tools were applied: four-cell analysis and the environments and plants matrix (De Boef & Thijssen 2007) . In the four-cell analysis, species were analyzed according to the community's perception about environmental availability and harvest intensity for each species. This analysis allowed for the identification of the most common and most harvested plants by the community, as well as plants likely to be in a situation of risk due to their low environmental availability and high harvest rates. As for the environments and plants matrix, places of occurrence and harvest preferences were identified for medicinal plants.
Results
Native medicinal plants and selection of priority plants for conservation
From 91 named medicinal plants spontaneously listed (see , it was possible to identify 80 scientific species. Almost all species (95%) cited as spontaneous by informants are native to Brazil. From these, 75% occur in restinga environments (pioneer formations) and 39% occur in hillsides (sub-montane dense rainforest). A considerable number (28%) of species are ruderals, and one species, Ocotea odorifera (Vell.) Rohwer, is endangered (MMA 2008).
Native medicinal plants cited by at least 20% of key informants in Imbituba are presented in Table 1 . Ten of these were selected by the community as most important ethno- Table 1 . Native medicinal plants cited by at least 20% of key informants in Imbituba (n = 23). In blue are ten ethno-species selected as most important for the community. Occurrence based on Sehnem (1984) , Harley (1985) , Falkenberg (1999) , and consultation with specialists: RE = restinga environments, DR = dense rainforest, RU = ruderal plants. Voucher numbers: F = FLOR herbarium (Federal University of Santa Catarina); L = Collection of the Laboratory of Human Ecology and Ethnobotany (Federal University of Santa Catarina); IF = Identified in field; NI = Not identified. More than one scientific species is locally named quina, but it was only possible to confirm identification of P. crenata. Four-cell analysis allowed for the exploration of the community's perception on environmental availability and harvest intensity for species studied. From the community's point-of-view, most species present a high environmental availability (Table 2) , and only two species were considered poorly available. As for intensity of harvest, three species were considered at a low-extraction rate. Thus, most plants are intensely used and harvested by the local community, especially for domestic use, demonstrating the importance of such species to the maintenance of health and well-being. Equisetum giganteum was mentioned as occasionally commercially harvested, the same for Z. ilicifolia/M. ilicifolia and A. satureioides. Informants highlighted that careless extraction of E. giganteum and Z. ilicifolia/M. ilicifolia by people from outside of the community concerns farmers, since it could deplete this resource for the community. As discussed by a farmer of ACORDI during the individual interview: "They ended up with cavalinha (E. giganteum)! We cut in time, after it put seeded."
Plant names
The most threatened species is P. crenata for it was considered as having limited environmental availability and intensely extracted. According to farmers, excessive bark extraction, which kills individual plants and contributes to Four out of ten species are cultivated in homegardens, confirming the importance of such environments for the acquisition of these native plants. Mikania laevigata is an example of a species largely harvested from homegardens, since it is less abundant in woodlands. Access to the most important medicinal plants assessed is facilitated, for harvest sites are mostly within disturbed areas.
Farmers identified two main threats to medicinal plants.
The first was the alteration and suppression of restinga and hillside environments for housing and industrial buildings, as reported by a farmer: "Surrounded boqueirão, it is there that has many herbs; butua is just there." The second threat is that medicinal plants are harvested by outsiders, since the community does not have ownership nor control over the Areais area.
Discussion
Parameters such as frequency and saliency, based on free listings, are commonly used in order to select the most important species in ethnobotanical studies in which participatory strategies are not employed (Amusa et al. 2010 , Gandolfo & Hanazaki 2011 , Houehanou et al. 2011 . On the other hand, involving the community in selecting plants through more participatory approaches allowed the farmers to include species with low values under such parameters, but with a community importance, such as A. satureioides, S. cayennensis, and P. crenata. Achyrocline satureioides and S. cayennensis are abundant species in croplands and capoeiras, easily accessible by farmers. Picrasma crenata is a species widely recognized for its medicinal use, but it is increasingly hard for farmers to find.
The use of leaves or flowers does not imply threats to the subsistence of individual plants. However, for species in which roots (D. altissima), stem (A. triangularis), and bark (P. crenata) are used, the harvest can lead to individual plant death. Extraction, therefore, must be carefully evaluated. Of the two species that are used whole, C. uniflora has its distribution restricted to herbaceous restinga on the southern coast of Santa Catarina; thus, its extraction must be assessed with caution. On the other hand, S. cayennensis is a ruderal species, widely distributed in Brazil; therefore, extraction should not imply risk to the species.
Species' pharmacological properties are only supported for a handful of species. Calea uniflora works as a fungicide and anti-trypanosome (Budel et al. 2006) . Mayte- 
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nus ilicifolia is anti-ulcerogenic and analgesic (Steenbock & Reis 2011) . Mikania laevigata is anti-ulcerogenic, anti-bacterial, a dental plaque removal agent, and anti-inflammatory (Dickel et al. 2011a) . Achyrocline satureioides is antispasmodic, analgesic, anti-inflammatory, and a muscle relaxant (Dickel et al. 2011b , Lorenzi & Matos 2008 . Aristolochia triangularis must be administered with caution, since its genus is known for containing aristolochic acids that are carcinogenic (Di Stasi & Hiruma-Lima 2002) . The other species did not have their pharmacological properties investigated, but their uses are highly important for farmers.
The community prefers abundant and accessible plants occurring in disturbed areas near their homes. This was similarly demonstrated by other studies (Stepp & Moerman 2001 , Voeks 1996 . These results highlight the importance for the maintenance of slash-and-burn agriculture environment mosaics (Siminski & Fantini 2007) , where croplands, capoeiras, and native vegetation can be found within the same space.
A four-cell analysis tool was effective for systematizing information about (1) the threats for diversity loss of harvested plants and (2) community considerations regarding possible reasons for losses and conservation of the medicinal species. The careless commercial extraction and deforestation of hillside areas were threats identified through this tool, and for the farmers the creation of the SDR would be one way to minimize these threats. Relevant application of this tool can also be seen for the identification of rare cultivated plant species and for the exploration for local conservation strategies for these species (De Castro et al. 2012 , Rana et al. 2004 . De Castro et al. (2012) used four-cell analysis to identify varieties of yams (Dioscorea spp.) that were cultivated by a few families and in small areas in the Amazon and thus are vulnerable to genetic erosion. In Nepal, after the use of this tool, Rana et al. (2004) identified the need for interventions for vulnerable species and varieties, such as the creation of collections of local varieties in the communities and income generation from these species/varieties, to ensure continuity of cultivation of them in productive units.
During the application of the tools, farmers demonstrated interest in commercializing some medicinal plants, creating a collective space for plant processing. They also recognized the importance of involving ecological studies on local management, to ensure sustainable use of this resource. The use of participatory tools for the selection of priority species was a first step toward the development of medicinal plant conservation in the region. It is important that population ecology studies on these plants are conducted (Reis et al. 1999) . Such studies should involve researchers and local farmers, for the evaluation of species' distributions in different environments and harvest effects on population structures.
The community expressed interest to define and implement strategies for the conservation of their medicinal resources, but they are unsure how to initiate this process without having ownership of the territory. In 2010, due to an action of repossession, they lost part of their territory and their crops, and this situation is an on-going hindrance for conservation.
Farmers understand that the main action for conservation of such species is to guarantee their territory by establishing the Sustainable Development Reserve. Since harvesting of native species is done mainly on private areas (individual or communal areas not legally recognized as community's territory), access to medicinal plants has been gradually limited. The establishment of the proposed protected area can guarantee this community's territory, allowing for the maintenance of their traditional livelihoods in the Areais da Ribanceira region, which contributes directly to the mosaic of environments observed and serves as a source of medicinal plants. In addition to the farmers of ACORDI, the surrounding communities also have benefits from the creation of SDR, such as the maintenance of an area to provide ecosystem services that can be related to regional whole health and well-being (Zank et al. 2015) .
Participatory processes also stimulate researchers' learning, as they become more flexible, through giving up control of research, being open to community demands, insights, local knowledge, and experiences. These allow for the community to guide research steps, strengthening community initiatives in decision-making regarding their resources. The researchers may act as a facilitators, sharing experiences and assisting people to achieve their maximum potential and identifying better solutions for local problems, a posture of a "new professionalism" (Geilfus 2008) . This new professionalism in the field of ethnobotany is a valuable opportunity for promoting a more egalitarian connection between knowledge types, making research more engaged with social and environmental benefits.
Currently the community still struggles for the ownership of their territory as a way to regulate the extraction of plant resources and maintain small scale agriculture, activities that sustain their traditional livelihoods. Native medicinal plants remain as potential resources for future exploration, including use for commercial purposes. Furthermore, the application of this participatory tool based on data from the previous interviews reinforced the farmers' appropriation and valorization of their own knowledge.
Four-cell analysis is a simple tool-relatively quick and easily understandable-that allows more time to be dedicated to the discussion of the general scenario revealed collectively during a participatory workshop. The application of the participatory tool described here, together with other research efforts directed at the valorization of local knowledge and practices, are contributing to the gradual empowerment of the community (De Boef et al. 2013 , Zank et al. 2013 .
Conclusions
Native medicinal plants are used mainly as therapeutic resources for domestic use, with little commercial significance in the Areais da Ribanceira community. Among native plants most important to the community, the majority are recognized as highly available but under intense extraction pressure. However, among selected species, only P. crenata is considered under greater risk due to its limited environmental availability. Both natural areas (restinga, hillside forests) and cultivated areas (cropland, homegardens) are important for the acquisition of native medicinal plants.
A participatory focus generated results important for the local reality by involving the community in decision-making about the most important species and in the collective analysis of conservation aspects for such species (availability, extraction, environments of occurrence). This participatory process tends to facilitate the incorporation of research results in the community, according to its local demands, as well as allowing for a collective learning experience. Participants learned with one another and recognized the importance of their knowledge to decisionmaking regarding management and in-situ conservation of medicinal plant species.
